Soil microbial biomass is a key determinant of carbon dynamics in the soil. Several studies have 2 shown that soil microbial biomass significantly increases with plant species diversity, but it 3 remains unclear if plant species diversity can also stabilize soil microbial biomass in a changing 4 environment. This question is particularly relevant as many global environmental change (GEC) 5 factors, such as drought and nutrient enrichment, have been shown to reduce soil microbial 6 biomass. Experiments with orthogonal manipulations of plant diversity and GEC factors can 7 provide insights whether plant diversity can attenuate such detrimental effects on soil microbial 8 biomass.
Introduction
The mean log response ratios from different studies were calculated using random effect models 134 (Restricted maximum-likelihood estimator (REML)) with 10,000 bootstrapped 95% confidence 135 intervals (bias-corrected estimates) based on the sample variances of log response ratio using the 136 metafor package (Viechtbauer, 2010) for R statistical software version 3.1.0 (R Development 137 Core Team, 2014) . Bootstrapping was carried out in the boot package (Canty & Ripley, 2014) . 138 Random effect models account for the variances within and between studies and are considered 139 appropriate when different studies included in the meta-analysis differ from each other in terms 140 of experimental design, location or duration (Mengersen et al., 2013) . The REML estimator was 141 used due to its balance between unbiasedness and efficiency in getting maximum likelihood 142 estimates from random effect models, compared to other estimators (Viechtbauer, 2005) .
144
Further, to account for the effects of time since establishment of the plant communities on the 145 effect of plant diversity effects on microbial biomass, we used a mixed effect model approach 146 with experimental duration (expressed in years) as a covariate (commonly known as moderator 147 in the meta-analysis literature) (Viechtbauer, 2010) . In all random mixed-effect models, we used 148 study type ("lab" or "field") as a random factor to account for the bias for the differences in the 149 duration of lab vs. field studies. Effect size estimates were weighted for each study based on the 150 sum of the study variance and the estimate of random-effects variance (Viechtbauer, 2010) 
Interaction effects
We quantified plant diversity and GEC factor interaction effects in two ways. First, we used a 155 meta-analytic approach to quantify variation in the effect size of GEC factors at their ambient 156 and treatment levels in three plant diversity contexts: low, inter, and high. That is, plant diversity Results 168 We found significant positive effects of plant diversity (high vs. low plant diversity and 169 intermediate vs. low plant diversity) on soil microbial biomass (Fig. 1) . In contrast, drought was 170 the only GEC factor that had a significant negative effect on soil microbial biomass ( Fig. 1 ). All 171 other effects of GEC factors on soil microbial biomass were negative, however, their effect size 172 was not significantly different from zero (95% CI overlapping with zero; Fig. 1 ). Plant diversity 173 did not explain the variations in effect size of any GEC factor on soil microbial biomass (Fig. 2 ).
174
These results were supported by insignificant interaction effects among all 14 two-way interactions tested between plant diversity and GEC factors (Table 2) . Further, few GEC factors showed a significant effect on microbial biomass (three in total), all of them causing a decline, 177 compared to consistently stronger and positive (except one negative out of five significant effects) 178 effects of plant diversity, when studies were analyzed separately (Supplementary Information 4).
180
We found plant diversity effects on soil microbial biomass were most pronounced in long-term 181 field studies ( Fig. 3 ). Plant diversity effects were greater in high vs. low and inter vs. low 182 contrasts as compared to high vs. intermediate plant diversity contrasts. Large variability in 183 effect sizes (grater size of confidence intervals) was common in short-term lab studies ( Fig. 3 ).
184
Further, when time since establishment of plant communities was used as a covariate, we found 185 that it explained a significant fraction of the variance in effect size and was positively correlated 186 with the effect size for high vs. low plant diversity comparisons (slope= 0.07, 2.5 % CI = 0.06, 187 97.5% CI = 0.08). We found similar results for the variations in effect sizes of inter vs. low plant 188 diversity (slope = 0.04, 2.5 % CI = 0.03, 97.5% CI = 0.05) and high vs. intermediate plant 189 diversity (slope = 0.02, 2.5 % CI = 0.01, 97.5% CI = 0.03) ( Fig. 4 ). 192 Our results provide the first quantitative across-study evidence for strong plant diversity effects 193 on soil microbial biomass in long-term field experiments, but also shows that plant diversity has 194 a limited capacity to attenuate the effects of other GEC factors. Notably, we did not detect a Second, microbial biomass could be regulated via direct relationships between plant roots and 217 microbial growth (Grayston & Wang, 1998; Bever et al., 2012) , along with indirect effects of 218 plant diversity on soil microhabitat conditions, such as soil temperature (Spehn et al., 2000) or 219 moisture (Eisenhauer et al., 2013) . Diverse plant communities have been shown to fuel microbial growth in soil more than low diversity plant communities (Hooper et al., 2000; Stephan et al., 221 2000) , and this may be due to higher amounts of rhizodeposits (Knops et al., 2002; Lange et al., 222 2015) . Moreover, diverse plant communities are expected to have higher phylogentic and root Exact weights for each studies are provided in Supplementary Information 3. 
191

Discussion
Reply: Indeed, we missed an important meta-analysis that also showed a reduction of microbial biomass at higher N-deposition (Janssens et al. 2010, Nature Geoscience). We added this in the main text and included briefly why N-deposition may decrease microbial biomass carbon in the soil (lines 235-238). Further we added (lines 238-242):
"Our study also showed an overall negative effect (although not significant) of nutrient enrichment on soil microbial biomass; thus, our results are in line with Treseder (2008) and Janssens et al. (2010) . However, as our study focused on orthogonal manipulations of plant diversity and GEC drivers, we had lower replication than these previous studies".
Line 236: Is moisture or carbon limiting in the soils in the studies you used? Are differences among studies in these controls on microbial biomass a reason why you found no consistent effect of GEC factors?
Reply: This is a very interesting point. We think the reviewer is right about soil resource limitations as a crucial factor determining how GEC may affect soil microbial biomass. Accordingly, we argued (lines 247-249) that GEC factors probably had minor effects on soil carbon concentrations in the studies we incorporated. Further, we added that plant diversity effects on microbial biomass could also operate via carbon availability in the soil (lines 249-254):
"This could also account for the for varying strength of plant diversity effects on microbial biomass in the studies considered, i.e., that plant diversity effects on soil microbial biomass were only significant where plant diversity also increased inputs of carbon to the soil (Eisenhauer et al. 2010 ). In addition, recent studies have shown that soil moisture and plant-derived organic matter inputs control soil microbial biomass and activity (Lange et al. 2014, Lange et al. 2015) ."
Lines 239-242: I agree that a physiological response of microbes to drought can occur rapidly, but, as you highlighted in the introduction, you are utilizing many long-term field experiments. Shouldn't these capture longer-term effects of drought? the manuscript (lines 260-261) . Hence, we speculated that short-term physiological responses of soil microbial communities may be more likely than significant changes in soil microbial biomass.
Reply: The drought experiments used in our study were all of short duration (<2 years), which is a very likely global change scenario. This is now explained in
Lines 249-251: Although interesting, this seems like a very large assumption that the authors have no evidence for, especially since the analysis includes a number of relatively short-term greenhouse experiments. I think that a separate paragraph discussing in more detail the possibilities of why you see no interactive effects would be more helpful.
Lines 257-258: I think you should clarify what exactly you mean be associations between soil microbes and plant species. Do you mean associations between microbial biomass and plants? Species-specific microbial communities? Much of this paragraph seems redundant with previous parts of the discussion. I found this to be an interesting paper that for the most part met its goal of determining the interactions between plant diversity and GEC factors. The finding that GEC factors are largely unaffected by plant diversity is relevant and important to our understanding of how GEC factors may impact microbial communities. Results are also applicable to climate change models that seek to incorporate more detailed data on plant diversity and microbial carbon dynamics.
Reply: We have clarified that we meant microbial biomass in the sentence. The sentence reads (lines
Reply: We appreciate the positive comments and the helpful suggestions of the reviewer.
Some concerns:
Although you used a standard technique for measuring biomass (Substrate-induced O2 consumption), one concern in using this technique in a meta-analysis is how much variation there was from lab to lab in performing this measurement of microbial biomass. As noted in the Beck et al. (1997) comparison, there is high variability in measurements of soil microbial biomass using this technique. Furthermore, the basic assumption of this technique is that you have similar proportions of the microflora reacting to glucose addition. This may not be the case, as the proportion of aerobic (or facultative anaerobes operating aerobically) to anaerobic (or facultative anaerobes operating anaerobically) microbes isn't necessarily the same from soil to soil. In fact, some of your GEC factors, such as drought, could themselves shift the balance of aerobic to anaerobic microbial biomass. Beck et al. (1997) did note high variation in both low biomass and high biomass soils, which could explain some of the high variability between different sites and experiments (for example, since glucose is added on a dry weight basis, differences in mineral content of soils could lead to high variation in the amount of glucose per unit of microbial biomass). I accept that you need to use some standard technique for comparison, but can you rule out the possibility that your results, at least in part, may in fact indicate a shift in the ratio of aerobic microbes to anaerobic microbes?
Reply: This is a valid point noted by the reviewer. We agree that some GEC factors could potentially shift the microbial community in favour of anaerobes, which is not represented by the substrateinduced respiration method. Accounting to this comment, we added a sentence in the discussion (lines 276-279):
"Some GEC factors, such as drought, could also shift soil microbial community composition, e.g by altering the balance between aerobic to anaerobic microbial biomass (Fenner & Freeman, 2011) . The latter is not represented by the substrate-induced respiration method used in the studies that entered our analysis, and so it is possible that such changes went undetected."
I think your argument that cores have the same functional attributes of higher diversity plots because you would find a comparable number of plant species in a 10 cm diameter area in the plot is pretty weak. Cores that are removed from the field can have very different microbial attributes. Hosts that are physically distant from the 10 cm diameter circle of the core are still nonetheless influencing the microbial community through fungal linkages and common mycorrhizal networks. When these linkages are severed there can be large shifts in the microbial community, for example a shift from mycorrhizal fungi to saprotrophic fungi (we have noticed this in our lab, unpublished observations). Therefore the act of soil removal or coring will affect microbial community composition and function, and potentially biomass as well. This could well affect response to GEC factors. When you just analyze field studies, do you see the same patterns in your meta-analysis? Or is your power too low with the laboratory/ microcosm experiments removed? I think you need to convince readers that a major component of your observed effects isn't due to the difference between laboratory/microcosm and field experiments.
Reply: We agree with the reviewer that 10 cm diameter area within a field plot could be functionally different compared to a microcosm of 10 cm diameter with the same number of plant species. Please note that none of the studies used intact soil cores extracted from the field, but artificially assembled plant communities in the lab. Please also note that the implications of this study are not affected by the classification procedure of diversity levels as even the most conservative contrast between intermediate and high plant diversity was significant in several long-term field studies.
According to the reviewer's suggestion, we always incorporated the variance explained by study type for plant diversity effects, i.e., differentiating field and microcosm experiments. By contrast, the statistical power of our analyses would have been insufficient for calculating GEC effects on microbial biomass without incorporating microcosm experiments (see Methods, lines 96-97).
It is also interesting that you found an effect using study duration as a covariate. Measuring "time since establishment" of the study could just as easily be based upon a disturbance gradient, with laboratory and microcosm experiments representing highly disturbed and long-term established plots representing sites experiencing low levels of disturbance. It would be useful to follow up the relationship between time since establishment and level of disturbance, since models might gain power by incorporating levels of disturbance in their modelling of GEC impacts.
Reply: We agree with the reviewer, and the role of disturbance and soil legacy effects has been highlighted by some of the authors of this manuscript (Eisenhauer et al., 2012). However, due to lower number of GEC studies we lacked sufficient replication of lab and field studies to allow for the incorporation of 'level of disturbance' as random or fixed effect. We only incorporated study type (lab or field) as a random effect in all our models for estimating plant diversity effects (Lines 148-150).
Minor edits:
